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This study investigates the impact of the Golden Quadrilateral highway project on the urban and rural growth of Indian manufacturing. The Golden Quadrilateral project upgraded the quality and width of 5,846 km of roads in India. The study uses a differencein-difference estimation strategy to compare non-nodal districts based on their distance from the highway system. For the organized portion of the manufacturing sector, the Golden Quadrilateral project led to improvements in both urban and rural areas of non-nodal districts located 0-10 km from the Golden Quadrilateral. These higher entry rates and increases in plant productivity are not present in districts 10-50 km away. The entry effects are stronger in rural areas of districts, but the differences This paper is a product of the Economic Policy and Debt Department, Poverty Reduction and Economic Management Network. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http:// econ.worldbank.org. The authors may be contacted at Eghani@worldbank.org. between urban and rural areas are modest relative to the overall effect. The productivity consequences are similar in both locations. The most important difference appears to be the greater activation of urban areas near the nodal cities and rural areas in remote locations along the Golden Quadrilateral network. For the unorganized sector, no material effects are found from the Golden Quadrilateral upgrades in either setting. These findings suggest that in the time frames that we can consider-the first five to seven years during and after upgrades-the economic effects of major highway projects contribute modestly to the migration of the organized sector out of Indian cities, but are unrelated to the increased urbanization of the unorganized sector.
Introduction
The Indian manufacturing sector is undergoing several significant structural transformations. Since the policy deregulations and economic liberalization process began in the early 1990s, substantial shifts in the spatial placement of Indian's manufacturing sector have occurred. This spatial sorting is occurring both across Indian districts and also within them (e.g., Sharma 2012, Ghani et al. 2012a,b) . Understanding these structural shifts and how they accrue over different parts of the manufacturing sector (e.g., the organized and unorganized sectors) is an essential input for urban planning and economic policy, as they govern the distribution of economic activity and industrial development of the country. Improved spatial sorting is also needed in India for stronger productivity growth and better allocation of scarce resources.
This study considers how connectivity across districts influences the levels and spatial organization of manufacturing within districts. Specifically, we consider the development and improvements of a major highway in system in India-the Golden Quadrilateral (GQ) project.
The GQ project sought to improve the connection of four major cities in India: Delhi, Mumbai, Chennai, and Kolkata. The GQ system comprises 5,846 km (3,633 mi) of road connecting many of the major industrial, agricultural, and cultural centers of India. It is the fifth-longest highway in the world. The massive project began in 2001, was two-thirds complete by 2005, and mostly finished in 2007. We compare how GQ influenced the manufacturing operations and entrepreneurship rates in the urban and rural portions of the districts through which it passed.
In an earlier study, Ghani et al. (2012a) consider the aggregate impact of the GQ upgrades on the activity of India's organized manufacturing sector using enterprise data from the Annual Survey of Industries. This study finds significant increases in manufacturing entry rates and productivity in districts that were very close to these upgrades (0-10 km), compared to districts farther away (10-50 km). We continue with this approach, taking upon the additional task of separating activity in districts by the urban versus rural locations of plants. We find that the entry effects for the organized sector are present in both types of areas, with somewhat stronger outcomes in rural settings. The differences are most substantial when considering where new plants with major output levels are locating. By contrast, the productivity gains for the organized sector are very similar in both urban and rural locations. These findings suggest that in 3 the time frames that we can consider-the first five to seven years during and after upgradesthe economic effects of the upgrades were mostly neutral with respect to most organized sector location choices regarding urban versus rural settings, the main exception being very high output level plants being more likely to take a rural location near to the improved GQ network. We likewise identify that a key aspect of whether or not an urban or rural setting is expanded upon depends upon the distance from the major nodal cities. Urban parts of districts that are closer to the nodal cities of GQ are activated more, while rural parts of districts farther from the nodal cities experience the greatest stimulus of new entrants.
To study further the urban and rural distinctions, we also extend our earlier work to consider the unorganized manufacturing sector using enterprise data from National Sample Survey. The unorganized sector accounts for about 20% of Indian manufacturing output, but a little over 80% of Indian employments in manufacturing. We extend the scope to include the unorganized sector to revisit a second, independent theme from our earlier work. In Ghani et al. (2012b) , we analyze the extent to which the manufacturing sector is moving from urban to rural locations within districts. Among its conclusions, this paper finds that the organized manufacturing sector of India is moving towards rural locations, while the unorganized sector is moving towards urban settings. The predecessor study concludes that infrastructure build-up within districts plays a modest role in location placement, with an emphasis towards retaining higher urban shares. These patterns, and especially the extent to which the unorganized sector is the key force driving urbanization of manufacturing, are important for policy makers to understand in the design of policies to promote urbanization.
Building out a new analysis for the unorganized sector across the GQ network, we find very limited impact of the GQ upgrades outside of the nodal districts. As we describe further below, we see traces of evidence of the organized sector findings repeating themselves in the unorganized sector (e.g., heightened entry rates, forms of industry sorting), but the results are substantially diminished in economic magnitudes. We confirm that these basic patterns are true in both urban and rural settings; they also hold true regardless of the gender of the business owner in the unorganized sector.
Thus, to summarize, we obtain a general conclusion that the massive GQ highway project development had a substantially larger effect on the organized sector than on the unorganized 4 sector (or, more generically, on the largest of plants relative to the smallest of plants). For the organized sector, the aggregate impact is fairly neutral with respect to urbanization. The build out appears most significant in urban areas closest to nodal cities, while rural areas farther away are developed. By contrast, the aggregate impact for the unorganized sector was significantly less. This asymmetry for inter-district infrastructure differs from that of within-district infrastructure identified by Ghani et al (2012b) , which linked to spatial movements in both sectors. This differential is reasonable, given the greater optimization in location choice that a larger plant will conduct and the ability of these plants to trade inputs and outputs at a distance.
Nonetheless, we remain cautious about broad claims regarding unorganized activity beyond the manufacturing sector until further research can validate GQ's limited roles in other ways (e.g., considering household-based surveys that extend outside manufacturing).
Our project contributes to a literature on the economic impacts of transportation networks and infrastructure investments in developing economies, which is unfortunately quite small relative to its policy importance. Beyond Ghani et al. (2012a) , the closest related study is Datta (2011) , who evaluates the impact of GQ upgrades using inventory management questions contained in the World Bank's Enterprise Surveys for India in the years 2002 and 2005. Even with the short time window of three years, Datta (2011) finds that firms outside of nodal districts along the GQ network decrease their average input inventory (measured in terms of the number of days of production for which the inventory held was sufficient) relative to those located on other highways. He also finds that firms in districts closer to the GQ network were more likely to switch their primary input suppliers vis-à-vis firms farther away. These results suggest improved efficiency and sourcing for establishments on the GQ network after its upgrade.
Beyond India, several recent studies find positive economic effects in non-nodal locations due to transportation infrastructure in China (e.g., Banerjee et al. 2012 , Roberts et al. 2012 , Baum-Snow et al. 2012 . These studies complement the larger literature on the United States (e.g., Fernald 1998 , Chandra and Thompson 2000 , Michaels 2008 , Duranton and Turner 2011 , 2012 , Baum-Snow 2007 , Lahr et al. 2005 , those undertaken in historical settings (e.g., Donaldson 2010, Donaldson and Hornbeck 2012) , and those focusing on other developing or emerging economies (e.g., Brown et al. 2008 , Ulimwengu et al. 2009 , Holl and ViladecansMarsal 2011 , Hsu and Zhang 2011 . A related literature considers non-transportation 5 infrastructure investments in developing economies (e.g., Pande 2007, Dinkelman 2011 ).
This study also contributes to a literature seeking to understand the development of the manufacturing sector in India. Several studies evaluate the performance of Indian manufacturing, especially after the liberalization reforms (e.g. Kochhar et al. 2006 , Ahluwalia 2000 , Besley and Burgess 2004 . Some authors argue that Indian manufacturing has been constrained by inadequate infrastructure and that industries that are dependent upon infrastructure have not been able to reap the maximum benefits of the liberalization's reforms (e.g. Gupta et al. 2008 , Gupta and Kumar 2010 , Mitra et al. 1998 . Our work regarding the GQ upgrades supports many of these propositions with respect to the organized sector, while the unorganized sector's advancement appears more closely link to within-district infrastructure (like paved roads in villages). Our work also links to studies seeking to understand the allocation of activity across regions and the productivity of firms (e.g., Desmet et al. 2011, Hsieh and Klenow 2009 ).
The remainder of this paper is as follows: Section 2 describes the data used for this paper and its development. This section also includes a more extensive discussion of the GQ upgrades and the definitions of urban/rural areas. Section 3 presents the empirical work of the paper, determining the impact of highway improvements on economic activity. Section 4 concludes.
Indian Manufacturing Data for the Organized and Unorganized Sectors
We employ repeated cross-sectional surveys of manufacturing establishments carried out by the Government of India. Our work studies surveys that were conducted in fiscal years 1994, 2000, 2005, and 2007 for the organized sector. For the unorganized sector, our surveys consider 1994, 2000, and 2005 . In all cases, the survey was undertaken over two fiscal years (e.g., the 1994 survey was conducted during 1994-1995), but we will only refer to the initial year for simplicity. This time span allows us two surveys before and after the GQ upgrades for the organized sector. For the unorganized sector, we have two surveys before and one after the upgrades. This section describes some key features of these data for our study.
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Organized Sector: Annual Survey of Industries
The organized sector for Indian manufacturing comprises establishments with more than 10 workers if the establishment uses electricity. If the establishment does not use electricity, the threshold is 20 workers or more. These establishments are required to register under the India Factories Act of 1948. The unorganized manufacturing sector is, by default, comprised of establishments which fall outside the scope of the Factories Act. The organized sector accounts for over 80% of India's manufacturing output, while the unorganized sector accounts for a high share of employment and over 99% of establishments (Ghani et al. 2013 ).
The organized manufacturing sector is surveyed by the Central Statistical Organization through the Annual Survey of Industries (ASI). These surveys are used for many published reports on the state of Indian businesses and government agency monitoring of the Indian economy. The typical survey collects data from over 150,000 Indian establishments. In this respect, the surveys are comparable to the Annual Survey of Manufacturing conducted in the United States, with the Indian sampling frame being about three times larger.
Establishments are surveyed with state and four-digit National Industry Classification (NIC) stratification. The survey provides sample weights that we use to construct populationlevel estimates of total establishments, employment, and output by district. Districts are administrative subdivisions of Indian states or territories that provide meaningful local economic conditions. The average district size is around 5,500 square kilometers-roughly twice the size of a U.S. county-and there is substantial variability in district size (standard deviation of ~5,500). Indian districts can be effectively considered as self-contained labor markets. As we discuss further below, we use district variation to provide more granular distances from the various highway networks. ASI surveys record several economic characteristics of plants like employment, output, capital, raw materials, and land and building value. For measures of total manufacturing activity in locations, we aggregate the activity of plants up to the district or district-industry level. We also develop measures of labor productivity and TFP. Labor productivity is measured through output per employee at the plant level, with an average then taken across plants for a district.
TFP is calculated through a residual regression approach. For every two-digit NIC industry and year, we regress log value-added (output minus raw materials) of plants on their log employment 7 and log capital. The residual from this regression for each plant is taken as its TFP. We then take the average of these residuals across plants for a district.
As our data are repeated cross-sections, rather than panels with unique plant identifiers, there are limits with respect to some of our analyses. Perhaps most notably, we do not have accurate measures of exiting plants. Our data do, however, allow us to measure and study new entrants. Plants are distinguished by whether or not they are less than four years old. We will use the term "young" plant or new entrant to describe the activity of plants that are less than four years old. We aggregate young plant activity at the district level, similar to metrics of total activity.
Our core sample for the organized sector contains 312 districts. This sample is roughly half of the total number of districts in India of 630, but it accounts for over 90% of plants, employment, and output in the manufacturing sector throughout the period of study. The reductions from the 630 baseline occur due to the following. First, the ASI surveys only record data for about 400 districts due to the lack of organized manufacturing (or its extremely limited presence) in many districts.
1 Second, we drop states that have a small share of organized manufacturing. 2 Last, we make an additional restriction for our regression sample that manufacturing activity in terms of plants, employment, and output in districts be observed at all points from 1994 to 2007.
The requirements with respect to continuous measurement of districts are motivated by a desire to have a consistent sample before and after the GQ upgrades. The requirements with respect to minimum share of states in organized manufacturing are motivated by a desire to have reasonably measured plant traits, especially with respect to labor productivity and plant TFP.
With respect to the latter, we also exclude plants that have negative value added, which accounts for 6%-7% of employment. These restrictions are again not very significant in terms of economic activity, with our final sample retaining more than 90% of Indian manufacturing activity. Establishments in the unorganized sector in India are unregistered, do not pay taxes, and are generally outside the purview of the state, so this group closely parallels common discussions and definitions of the informal sector. Our data are taken from the National Sample Statistics (NSS). Many of the properties of this dataset resemble the ASI, and the development steps are closely related, so we do not repeat them. Unlike organized manufacturing, however, we are not able to calculate TFP measures due to lack of reliable data on asset formation in the unorganized sector. On the other hand, the NSS allows us to examine differences in male-versus femaleowned businesses that we describe briefly later. Our core sample for the unorganized sector contains 363 districts.
The GQ Highway Upgrades 3
Road transport is the principal mode of movement of goods and people in India, accounting for 65% of freight movement and 80% of passenger traffic. While national highways like the GQ network constitute about 1.7% of the road network, they carry more than 40% of the total traffic volume. India launched its National Highways Development Project (NHDP) in 2001 to improve its transportation infrastructure. This project, the largest highway project ever undertaken by India, aimed at improving the GQ network, the North-South and East-West Corridors, Port Connectivity, and other projects in several phases. The total length of national highways planned to be upgraded (i.e., strengthened and expanded to four lanes) under the NHDP was 13,494 km; the NHDP also sought to build 1,500 km of new expressways with six or more lanes and 1,000 km of other new national highways, including road connectivity to the major ports in the country. Thus, in a majority of cases, the NHDP sought to upgrade a basic infrastructure that existed, rather than build infrastructure where none previously existed. The 
Distance to the GQ Network and Nodal Cities
Our next step is to measure the distance of districts to the GQ highway network (the closest point on the highway) and to the nodal cities. We calculate these distances using official highway maps and ArcMap GIS software. Our reported results use the shortest straight-line distance of a district to the GQ system. We find very similar results when using the distance to the GQ system measured from the district centroid. The empirical appendix of Ghani et al.
(2012a) provides additional details on our data sources and preparation, with the most attention given to how we map GQ traits that we ascertain at the project level to district-level conditions for pairing with ASI and NSS data.
Our empirical specifications use a non-parametric approach with respect to distance to estimate treatment effects from the highway upgrades. We define indicator variables that take a value of one if the shortest distance of a district to the indicated highway network is within the specified range; a value of zero is assigned otherwise. We report most of our results using four distance bands: nodal districts, districts located 0-10 km from a highway, districts located 10-50 km from a highway, and districts over 50 km from a highway. In an alternative setup, the last distance band is further broken down into three bands: districts located 50-125 km from a highway, districts located 125-200 km from a highway, and districts over 200 km from a highway.
In our empirical work, our core focus is on the non-nodal districts of a highway. We measure effects for nodal districts, but the interpretation of these results will always be challenging as the highway projects are intended to improve the connectivity of the nodal districts. For the GQ network, we follow Datta (2011) in defining the nodal districts as Delhi, Mumbai, Chennai, and Kolkata. In addition, Datta (2011) describes several contiguous suburbs (Gurgaon, Faridabad, Ghaziabad, and NOIDA for Delhi; Thane for Mumbai) as being on the GQ network as "a matter of design rather than fortuitousness". We include these suburbs in the nodal districts.
We finally consider distance from the nodal points of the GQ system to each district. We measure these distances from the four main nodal districts using a straight line formulation. We consider the contiguous suburbs to have zero distance for this exercise. Roughly half of the nonnodal districts that lie with 0-10 km of the GQ highway system are also within 350 km of a nodal point. The remaining districts are more remote, and we use this point for our demarcation.
Urban and Rural Regions of Districts
The ASI and NSS surveys identify for each establishment whether it is in an urban or rural location. Our study considers changes in urbanization over time, and thus the stability and comparability of this survey question across rounds are very important. The statutory definition of an urban setting during our period of study is:
(a) All statutory places with a municipality, corporation, cantonment board or notified town area committee, etc., or (b) A place satisfying the following three criteria simultaneously: i) A minimum population of 5,000; ii)
At least 75% of male working population engaged in non-agricultural pursuits; and iii)
A density of population of at least 400 per sq. km. It is important to note that India uses a more demanding set of criteria than most countries to define urban areas (e.g., Bhagat, 2005; United Nations, 2001 ). For instance, substantial parts of U.S. metropolitan areas like Atlanta or Phoenix would be classified as rural in Indian statistical analyses because their population densities fall below 1000 persons per square mile.
Thus, our measured urbanization for India will be lower than many international standards. This consideration does not affect, however, the longitudinal consistency of our trends for India.
Descriptive Tables   Tables 1a and 1b present simple and Columns 4-6 provide similar figures for young establishments less than four years old.
Within each panel, we tabulate activity by distance from GQ. There are nine nodal districts.
Roughly one-third of districts fall within 0-10 or 10-50 km from the GQ network, with roughly two-thirds of districts over 50 km away from the network. In Table 1a , the broad trend is for declining urban shares in the organized sector, while the broad trend in Table 1b is for increasing urban shares in unorganized sector. Urbanization rates are strongest in the nodal cities, with the districts falling within 0-10 and 10-50 km from the GQ network being of relatively similar levels.
Empirical Impact of the GQ Upgrade on Urban and Rural Manufacturing
This section describes our empirical exercises. We begin with analyzing the organized sector in isolation, focusing on levels of activity. We then consider the unorganized sector by itself. We finally combine the sectors together to look at aggregate urbanization rates and spatial sorting within districts. Table 2 begins by analyzing changes in entry rates in the organized sector surrounding the GQ upgrades. A key finding in Ghani at al. (2012a) was that districts that were very close to the GQ network-specifically within 10 kilometers or less-experienced a significant increase in organized sector entrants after the GQ upgrades commenced. This surge in entrepreneurship was not reflected in districts that were 10-50 kilometers away. The first three Columns of Table 2 repeat these results.
Urban and Rural Patterns for Organized Sector Activity
In Panel A, we undertake a simple pre-post analysis where explanatory variables are interactions of indicator variables for how far a district is from the GQ highway network with an indicator variable for the post-GQ upgrades (equal to one in 2005 and 2007). Indexing districts with i and years with t, the specification takes the form:
The set D contains three distance bands with respect to GQ: a nodal district, a non-nodal district that is 0-10 km from GQ, and a non-nodal district that is 10-50 km from GQ. The excluded category in this set includes districts more than 50 km from the GQ network. District fixed effects i η control for the overall levels of entry rates in each district across the sample; these fixed effects also control for the main effects of distance from the GQ network. In a similar manner, the year fixed effects t γ control for aggregate annual changes in the Indian economy, including the main effects of the post-GQ upgrades period. Thus, the interactions and their β d coefficients quantify differences in outcomes after the GQ upgrades by spatial band compared to the excluded group that comprises districts located more than 50 km from the GQ network.
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Column headers provide the outcome variables studied. Column 1 considers the entry of young plants by their log count in the district, Column 2 considers the log employment in these young plants, and Column 3 considers the log output in these young plants. We weight estimations by the log of district population in 2001, and we cluster standard errors by district.
Estimations have 1,248 observations as the cross of four surveys and 312 districts. We winsorize outcome variables at the 1%/99% level to guard against outliers. Our district sample is constructed such that employment, output, and establishment counts are continuously observed.
We do not have this requirement for young plants, and we assign the minimum 1% value for employment, output, and establishment entry rates where zero entry is observed in order to model the extensive margin and maintain a consistent sample.
The top row shows a very substantial increase in young firm counts in nodal cities after the upgrades in comparison to districts more than 50 km from GQ. As we have noted, we are very cautious about interpreting these results much given that the upgrades were built around the connectivity of the nodal cities. The imprecision in these estimates is mostly due to the fact that there are only nine nodal districts. As effects for our other distance categories are being measured for each band relative to districts more than 50 km from the GQ network, the inclusion or exclusion of the nodal districts does not impact our core results regarding non-nodal districts.
The key pattern emphasized in our earlier work is shown in the second and third rows.
There is substantial increase in organized sector entry in districts within 10 km of GQ that is not reflected in districts farther away at 10-50 km. Our sample includes 76 districts within 10 kilometers, and 42 districts in the 10-50 km band. To some degree (substantiated further in Ghani et al. 2012a) , the upgrades of the GQ network can be taken as exogenous for these districts since neither group is in the nodal district set around which the upgrades were based.
The districts within 0-10 km of GQ have a 0.4-0.9 log point increase in entry activity after the GQ upgrade compared to districts more than 50 km away. The point estimates for the 10-50 km range are substantially smaller in size and imprecisely estimated.
Panel B extends the spatial horizons studied in Panel A to include two additional distance bands for districts 50-125 km and 125-200 km from the GQ network. These two bands have 48 and 51 districts, respectively. In this extended framework, we measure effects relative to the 97 districts that are more than 200 km from the GQ network in our sample. The special entry behavior for districts within 10 km of GQ extends in this broader framework, with no differences observed at longer distances for the disaggregated bands between 50 and 200 km. From a simple association perspective, the manufacturing growth in the period surrounding the GQ upgrades is localized in districts along the GQ network.
The remainder of this table applies the methodology from Columns 1-3 to urban and rural areas of districts independently. We will later consider shares of activity in urban versus rural areas of districts (i.e., urbanization rates), and it is helpful now to highlight how our current framework differs from that format. First, by looking at changes in the levels of activity, we capture growth rates of districts and their organized manufacturing activity that is removed when calculating shares of activity. This is important as GQ could be increasing activity in both places at the same time. This approach is also the only means for considering productivity, as shares of labor productivity or TFP across places is not a meaningful concept.
Second, we face a data challenge in this work in that some districts do not contain an urban or rural area. Specifically, of our 312 district, 278 have urban areas and 291 have rural areas. In the estimations that consider levels of activity in urban areas, we will restrict our samples to districts that have manufacturing establishments in urban areas in all the years surveyed. In a similar manner, the estimates for rural areas require that the district have rural areas across the full sample period. This provides a consistent panel for each group. When we later move to share-based estimations, we require that both urban and rural areas be present. This requirement eliminates districts where shares are by definition either 0% or 100%, in the process lowering our sample size as described in greater detail later. This introduces selection issues that are much weaker when considering levels.
Columns 4-6 provide estimations of the GQ effects that restrict attention to urban areas in districts. The results are more muted than the total effects document in Columns 1-3. We find economically and statistically significant increases in plant entry rates for Column 4. By contrast, Columns 5 and 6 find positive point estimates for employment and output, respectively, but these coefficients are not precisely estimated like the base results in Columns 2 and 3. The output coefficients are also substantially smaller, between one-third and a half the size of what is evident in Column 3 for the full sample.
15
When isolating rural areas of districts in Columns 7-9, the outcomes have several key differences. First, the rural entry responses are generally larger than those estimated for urban areas, regardless of the metric. The only exception out of the six cases is the plant count estimations in Panel B. Second, unlike the emphasis on plant counts in urban areas, the rural estimates place more emphasis on employments and outputs of the organized sector. That is, the GQ effort appears to have increased the entry rates of organized sector plants in both urban and rural settings, but the largest increases in terms of employments and outputs are seen in rural settings. In fact, the development of large employment and output bases for organized manufacturing after the GQ upgrades plays the strongest role in the aggregate gains experienced on these dimensions. This differential is most accentuated in Panel A's estimations of output relative to districts 50 km and farther from the GQ network.
In a similar manner, Table 3 considers our labor productivity and TFP estimations.
Columns 1 and 2 show a core increase of productivity associated with the GQ implementations in districts nearby the highway system. These increases are primarily driven by adjustments in the incumbent establishments of the districts. (We do not quantify the labor productivity and TFP changes of new entrants, as much of the impact of new entrants comes from the extensive margin and these plant-level traits are not defined in these cases.) In contrast to the differences observed for entry rates across urban and rural areas, the productivity effects appear quite uniformly realized. The labor productivity elasticity is slightly stronger in rural areas, likely reflective of the larger-scale production functions that can be used in these locations. Table 4 reports results where we consider the total organized sector activity observed over time. Columns 1-3 again replicate our earlier work and show limited effects for the total activity contained in these districts. We believe this limited effect is mostly a consequence of our final sample point being in 2007 and thus only a few years after most of the GQ upgrades occurred (57% of upgrades occurred during [2003] [2004] . While the coefficient for output levels in Panel B is of reasonable size, it is not statistically significant. Columns 4-6 show null results for total activity in the urbanized areas of districts. The coefficients are all quite small in terms of economic and statistical significance. Columns 7-9 show stronger, but still limited, results for rural areas. The one exception is that the level of output in rural areas is estimated to be substantially stronger after the GQ upgrades for nearby districts compared to those more than 200 km away.
This output response is interesting in that it starts to show at least some sustained, aggregate influence of the GQ patterns. Interpretation is complicated, however, by the substantial rural increase also observed at 125-200 km distance from the GQ network. Unreported tabulations suggest this effect is stemming from rapid developments in the Uttar Pradesh state, at modest distances from Delhi. Table 5 next reports the results from an extended estimation that adds a second distance dimension. Our core framework only measures distances from the GQ highway structure itself (where the closest access point is). Especially on this urban/rural dimension, it is reasonable to suspect that the distance from the nodal cities themselves may also play an important role. Points on the GQ system that are within close range of a nodal city may have very valuable urban land for manufacturers to exploit (e.g., taking advantage of cheaper rents in markets nearby but outside of the major cities). Likewise, locations in the hinterland through which the GQ system passes may be very valuable for other applications.
Distance from Nodal Cities for Organized Sector Activity
The empirical challenge of conducting these exercises is that the number of observations starts to become very thin when crossing two dimensions with each other, dramatically reducing the statistical precision of estimates. Accordingly, we take a simple approach of adding an additional interaction for a district being more than 350 km from the four main cities of the GQ system. This distance roughly divides the districts that lie on the GQ structure in half. The estimations include a simple interaction for being within 350 km of a nodal city in the postupgrades period, and we interact our typical distance from GQ metrics with the additional distance variable. In these estimations, locations greater than 50 km from the GQ structure and also more than 350 km from a nodal city serve as the control group.
The patterns are quite intriguing. The top three rows, which resemble our traditional framework, are quantifying responses for districts within 350 km of a nodal city. These areas have a strong overall response in Columns 1-3. Significantly, the GQ upgrades also appear to be promoting activity in the urban and rural areas of districts within 10 km of the highway, with urban areas experiencing the strongest stimulus. The effects are not present for districts that are more than 10 km from the GQ highways, but still within 350 km of a nodal city. This is strong evidence of the GQ system shaping the spatial direction of development around India's connected cities.
The next three rows document the differential effect compared to these results for districts that are more than 350 km from a nodal city for the GQ system. To identify the response for these hinterland locations, one adds the corresponding coefficients from the fourth through sixth rows to the base effects documented in the first three rows. Looking at the fifth row, many of the important gains for urban areas that we see evidence of around the nodal cities are diminished in Columns 4-6. By contrast, Columns 7-9 show that rural settings that are located on the GQ system but far removed from the nodal districts have an equal or stronger response. Thus, the intriguing spatial finding is that the added connectivity of the GQ upgrades is more impacting urban locations in areas near to the GQ nodal cities, and rural areas in connected districts that are farther away. 
Urban and Rural Patterns for Unorganized Sector Activity
Before considering shares of activity, we pause to describe quickly the connection (or lack thereof) between GQ upgrades and the broad development of unorganized manufacturing activity. One effort in this project was to implement the GQ empirical strategy used in Ghani et al. (2012a) in the unorganized sector to compare against the large, rapid effects observed for the organized sector. As described in the prior section, our unorganized sector data stop in 2005, compared to 2007 for the organized sector. We are currently working to extend this time frame to 2010 for both sectors, but even by 2005 the organized sector shows a response in terms of young firm activity and productivity (Ghani et al. 2012a ) and sourcing/inventory management (Datta 2011) . It is thus useful to quantify whether the unorganized sector has a similarly rapid response. 4 It may initially appear that this divergence with respect to distance from a nodal city is simply a consequence of the districts farther removed from a nodal city being more rural overall. It should be noted, however, that these results are estimating proportionate responses off of the base urban or rural activity in each district. Thus, the longer-term degree to which districts are urban or rural has been controlled for in the estimations, with the emphasis instead upon the growth in activity within each type of area.
Appendix Tables 1a-1c report three portions of our basic framework to show differences and similarities, and we highlight the key lessons here. First, unlike the organized sector, our difference-in-difference estimations find that non-nodal districts close to the GQ system behave similarly to those located farther away with respect to aggregate levels of unorganized manufacturing. This comparability of districts 0-10 km from the GQ network with those that are 10-50 km apart holds irrespective of the whether the highway development close to the district was an upgrade or a new construction (although there are traces of a stronger response for new construction). Likewise, unreported estimations do not find differences in unorganized activity depending upon the completion date of the GQ upgrade (e.g., considering areas completed prior to 2002). There is some evidence that GQ upgrades most impact the unorganized sector activity in industries that have low labor intensity, but these sorting patterns are again quite diminished compared to what is observed for the organized sector. Thus, it appears that the highway improvements had limited aggregate effects for the unorganized sector, especially in comparison to the organized sector.
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These results are reasonable given the structure of unorganized manufacturing in India.
By definition, unorganized enterprises are small establishments. Most employees in these enterprises are not full time, and many of these establishments are household based. Given the informality of this sector, it is less likely that such establishments would depend on materials and products and connectivity to the market through national highways. The small-scale nature of these establishments makes it more likely that they target local product and labor markets. Thus, it is likely that they are more dependent on state or district roads vis-à-vis national highways. 6 5 We observe more consistent evidence for increased entry of young plants in the unorganized sector in nodal cities.
As described in the prior section, these results are hard to interpret given the degree to which the GQ upgrades were chosen to support these nodal cities.
Urbanization Rates and Spatial Sorting of Activity within Districts
With this background, Table 6 provides an analysis of manufacturing urbanization rates in the organized sector, unorganized sector, and for manufacturing as a whole. As we highlighted earlier, these estimations remove the aggregate consequences of the infrastructure investments, only quantifying net shifts in economic activity across types of areas. To make this analysis meaningful, we exclude districts for which there is very little manufacturing activity in either urban or rural settings. For instance, in the 2007 organized sector, 16 districts are surveyed completely in urban areas, while 29 districts are surveyed completely in rural areas. Specifically, we require that districts have 1) surveyed plants in both types of locations in every period, and 2) at least five plants in both rural and urban areas in 2000. These restrictions account for the reduced observation count in these estimations compared to the prior tables.
As would be anticipated by our earlier findings, the organized sector in Columns 1-3 shows a modest shift towards a smaller urban share. This decline is most evident in employment and output urban shares when comparing districts on the GQ highway to those that more than 200 km from the GQ network. These findings connect to the broader movement of the organized sector out of India's urban areas (Ghani et al. 2012b ). The results suggest that major infrastructure projects like the GQ highway upgrades may contribute to or accelerate this spatial shift. By contrast, we observe no changes in the urbanization rates for the unorganized sector.
This contrasts with the positive role observed for within-district infrastructure in Ghani et al. (2012b) for promoting the increased urbanization rates of unorganized sector activity. The interdistrict connectivity provided by major infrastructure projects does not appear to play a significant role in this trend. Table 7 provides a final analysis that builds upon the spatial mismatch framework of Ghani et al. (2012b) . We do not repeat the metric design for spatial mismatch here, as it is a bit cumbersome, but instead describe its intuition. The idea is to compare how different the allocation of industries across urban and rural locations with a district is from what would have been predicted using national urbanization rates. For example, industries like office, accounting and computing machinery are predominantly in urban areas, while industries like non-metallic mineral products are predominantly rural. We measure the extent to which the observed industry 20 sorting across urban and rural locations in a district is different from what these national patterns would suggest for a district. We observe very limited consequences, especially in terms of economic magnitudes, for this within-district sorting after the GQ upgrades. Ghani et al. (2012b) also find very little impact on the sorting due to within-district infrastructure, so on this dimension the two studies point in the same direction.
Conclusions
Many discussions of India's future highlight the need and expected growth of urbanization. Another set of discussions, which often overlap extensively, highlight the importance of enhancing India's infrastructure (e.g., World Bank 2012 , McKinsey 2010 , 2012 .
In this paper, we have quantified the degree to which one such infrastructure project-the massive upgrades to the GQ highway network that connects four of India's major citiesinfluenced the urbanization of the manufacturing sector in non-nodal locations.
The patterns are quite intriguing. The upgrades are connected to enhancements in organized sector activity in both urban and rural environments. Across the full span of the GQ system, increases in entry rates and plant productivity are fairly balanced between the two settings, with the main exception being that rural areas receive relatively more stimulus in terms of net output growth. Looking closer at highway segments, urban areas along the highways that are closer to the nodal districts experience greater entry, while rural areas in the hinterlands farther removed from the GQ nodal cities receive proportionately more stimulus. By contrast, the unorganized sector of manufacturing is not closely linked to the GQ developments in either location and the within-district spatial sorting of activity has little connection. Thus, the GQ experience suggests that major inter-district projects are likely to continue and accelerate the spatial adjustments of the organized sector and its general move towards rural locations. On the other hand, the GQ experience does not appear connected to the general movement of the unorganized manufacturing sector into Indian cities.
Understanding the patterns is important for policy makers and regional analysis, as they identify how infrastructure investments shape the spatial growth of regions within India and the distribution of industrialization and income. While we do not find in this study a connection to the unorganized sector, we remain cautious about this finding until future studies can collaborate 21 it in other ways. This can be done through household surveys that extend beyond the manufacturing sector. We also believe that satellite data on economic activity would be an especially powerful tool in this context. Table 2 . Labor productivity is total output per employee, and TFP is the average residual in each district from a weighted regression of log of value added on logs of employment and capital for each industry and year. App. App. 
